The effect of dietary variation in sodium chloride intake on the intrarenal distribution of plasma flow was investigated in rats using the antiglomerular basement membrane antibody technique. Rats were placed on a liquid diet containing either 9.86 (n = 9) or 0 (n = 9) mEq NaCl/daily portion for 2 wk. Labeled antibody was injected and the diets were reversed. After an additional 2 wk period, antibody labeled with a different radionuclide was injected and the animals were sacrificed. Fractional plasma flow distribution was then calculated for each dietary period. No change in flow to any cortical region could be detected. In six additional awake rats on identical dietary regimen, total plasma flow was estimated by the clearance of hippuran-131 I. No change in this parameter occurred with changes in NaCl intake. We conclude, therefore, that no change in either total renal plasma flow or intracortical distribution of plasma flow occurs with wide variations in dietary sodium chloride intake in the rat. The implications of this constancy of regional plasma flow are discussed with reference to presumed concomitant alterations in the intrarenal distribution of nephron filtration rate. A B S T R A C T The effect of dietary variation in sodium chloride intake on the intrarenal distribution of plasma flow was investigated in rats using the antiglomerular base~ment membrane antibody technique. Rats were placed on a liquid diet containing either 9.86 (n = 9) or 0 (i = 9) mEq NaCl/daily portion for 2 wk. Labeled antibody was injected and the diets were reversed. After an additional 2 wk period, antibody labeled with a different radionuclide was injected and the animals were sacrificed. Fractional plasma flow distribution was then calculated for each dietary period. No change in flow to any cortical region could be detected. In six additional awake rats on identical dietary regimen, total plasma flow was estimated by the clearance of hippuran-'I. No change in this parameter occurred with changes in NaCl intake. We conclude, therefore, that no change in either total renal plasma flow or intracortical distribution of plasma flow occurs with wide variations in dietary sodium chloride intake in the rat. The implications of this constancy of regional plasma flow are discussed with reference to presumed concomitant alterations in the intrarenal distribution of nephron filtration rate.
INTRODUCTION
It has been proposed that a redistribution of glomerular filtrate and renal blood flow from deep nephrons, which This paper was presented in part at the Fifth Annual Meeting of the American Society of Nephrology, November, 1971 .
Dr. Wallin is a Special Fellow of the Bureau of Medicine and Surgery, U. S. Navy, Washington, D. C. His present address is the Department of Internal -Medicine, are assumed to have a high reabsorptive capacity, to superficial nephrons with a lower capacity, might account for a portion of the natriuresis associated with the administration of sodium chloride (1) . Most of the studies to test this thesis have involved the rapid administration of large intravenous saline loads (2) (3) (4) (5) (6) (7) (8) (9) . Results from these experiments may not be directly applicable to the more important question of the daily regulation of sodium chloride excretion as a function of dietary intake.
Only a limited number of studies have been performed to determine the distribution of filtrate and blood flow during variations in dietary sodium chloride intake.
Horster and Thurau (10) using micropuncture techniques, and de Rouffignac and Bonvalet (11) , employing the Hanssen technique, have demonstrated a disproportionately greater superficial filtration rate in rats on a high sodium chloride diet as compared with low sodium chloride diet. Also, Hollenberg et al. (12) and Blaufox and coworkers (13) have demonstrated superficial redistribution of blood flow in human subjects on high salt diets using the krypton washout technique.
These findings of a redistribution of blood flow and glomerular filtrate to the superficial cortex during periods of high salt intake have led these investigators to propose that redistribution is a major regulatory factor in the renal maintenance of sodium balance. We have recently developed a new technique for the measurement of the intrarenal distribution of plasma flow (14) using a radionuclide-labeled antibody to glomerular basement membrane. This technique allows the measurement of plasma flow distribution in the awake animal, without surgical manipulation, with each animal acting as his owvn control. Applying this technique, we could demonstrate no significant change in the distribution of plasma flow with widle variations in sodium chloride intake and excretion.
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The Journal of Clinical Investigation Volume 51 November 1972 METHODS Protocol. Studies were performed on male Sprague-Dawlay rats weighing initially 150-210 g. They were divided into three groups: Animals (group I, n = 9) were placed on low sodium diet for a period of 14 days, at the end of which 1.5 ACi of 'MI-labeled antibody to glomerular basement membrane (Ab 125) was injected via tail vein in the awake animal. The diet was then changed to high salt, and at the conclusion of 14 more days, 1.5 usCi of 'I-labeled antibody was injected (Ab 131) ; in group II (n= 9) the order of diets was reversed. In group III (n = 6) normal salt diets were given for two consecutive 14-day periods with antibody injections as above. Fig. 1 diet, sodium chloride intake was zero and output averaged 0.03±0.001 SEM mEq/24 hr. While on high salt diet, intake averaged 8.73±0.4 mEq/24 hr and output averaged 7.95±0.4 mEq/24 hr. There was no significant difference between group I and II rats while on either diet. Urine flow averaged 17.1 ml/24 hr during low sodium intake and 20.3 ml/24 hr during the high salt diet. This high rate of urine flow probably represents the forced water diuresis imposed by the liquid diets. Serum proteins averaged 6.8±0.2 g/100 ml while on high salt diet and 7.6±0.3 g/100 ml while on low salt diet (P < 0.05). Hematocrits averaged 53.7±2 vol/100 ml on low sodium intake and 53.1±0.8 vol/100 nil on high sodium intake (P > 0.9).
A representative experiment is displayed in Fig. 3 . Fractional flow on the vertical axis is plotted as a function of increasing depth of slice into cortex on the horizontal axis. On the low salt diet (solid lines and circles) flow in the most superficial cortical slice (C-1) and the second cortical slice (C-2) were relatively greater per gram than fractional flow to juxtamedullary cortex (slice 18 animals by paired t test revealed no significant difference (P > 0.6) (18) .
As a control study, six animals were maintained on 4 mEq/24 hr sodium chloride intake for the entire 4 wk period of the study, and fractional flow was determined Since the distribution of fractional plasma flow was not altered by changing sodium chloride intake, increase in plasma flow to any area of the cortex could only be accomplished through an increase in total renal plasma flow. Fig. 2 graphically displays total renal plasma flow expressed as the clearance of hippuran-31I as measured in a similar group of awake animals on high and low salt diets. Renal plasma flow was 7.33±0.7 ml/min on low sodium intake and 7.30±+1.02 ml/min on high salt diet (P > 0.9). Therefore, no significant alteration in renal plasma flow to any area of the cortex could be detected. DISCUSSION The present study clearly indicates that variations in the salt content of the diet did not change plasma flow to any region of the cortex. Animals were studied at wide extremes of dietary NaCl intake, and total plasma flow and plasma flow distribution were determined after a steady state was attained following a period of 14 days on each diet.
Two control measures were instituted in this study. In the first type of control, the order of the high and low salt diets was reversed, so as to prevent either the lapse of time or growth of the animal from obscuring the effect of diet alone upon the results. Neither over-all nor regional plasma flow was altered by the order in which the diets were administered. In a second control, the constancy of plasma flow was examined by studying animals during two consecutive periods on the same normal NaCl diet. Once again, no change could be detected. The error of the blood flow method with regard to measurements made 2 wk apart was small, with a standard deviation of approximately 10%. The method should, therefore, detect even a modest change in the distribution of plasma flow. We conclude that wide variations in oral NaCl intake, within the physiologic range, produced no alteration in total renal plasma flow or its distribution.
The only previous experiments on blood flow distribution during dietary variations in salt load have been those of Hollenberg and coworkers (12) and Blaufox et al. (13) , both of whom demonstrated a superficial redistribution of blood flow on high salt as compared with low salt diets. These studies were performed in human subjects using inert gas washout techniques. Perhaps species difference as well as differences in analytic techniques (19) account for the disparate results.
The failure to demonstrate redistribution in the present study applies only to plasma flow, and does not necessarily imply a similar constancy in the distribution of glomerular filtrate. The micropuncture studies of Horster and Thurau (10) on rats on low and high salt diets have stimulated much of the interest in redistribution of filtrate as a mechanism controlling sodium excretion. They demonstrated that in the transition from low sodium to high sodium diet, superficial nephron filtration rate rises while juxtamedullary filtration rate falls. This finding was subsequently confirmed by de Rouffignac and Bonvalet (11) using the Hanssen technique, although the absolute changes in nephron filtration rate were smaller than those observed by Horster and Thurau. In addition to these studies on chronic dietary sodium effects, acute saline infusion has been shown by some investigators :..
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Diet FIGURE 4 The bar graphs display the mean total renal plasma flow (±SEM) in the same six awake rats while on low salt diet (lined bar graph) and on high salt intake (dotted bar graph). The steady-state clearance of hippuran-131I (CHIP131 d) is utilized as an index of total renal plasma flow (two kidneys) and plotted on the vertical axis in milliliters per minute. There was no significant difference in total renal plasma flow while on low and high salt diets (P>0.9).
Effect of NaCi Intake on Plasma Flow Distribution A^2 (2, 3) to be associated with disproportionate increases in the superficial nephron filtration rate as compared with total filtration rate. It has been assumed that this redistribution of glomerular filtrate in both acute and chronic studies occurs as a result of a similar redistribution of plasma flow. However, in the present study we have failed to demonstrate any change in the distribution of plasma flow after manipulations of dietary sodium chloride intake similar to those utilized by Horster and Thurau (10) .
This difference between the constancy of plasma flow in the present study and the increase in superficial nephron filtration rate in the studies on the distribution of nephron GFR can be explained in two ways. First, the hypothesis may be ventured that nephron filtration rate changes in strict proportion to changes in plasma flow. If this is the case, then the constancy of plasma flow in our studies and the rise in superficial nephron GFR in the studies of others must be attributable to differences in experimental design and technique. No comparison may be made between our results in a chronic study to the acute studies of filtrate distribution after saline infusion (2, 3, 9) since different mechanisms may be operative in the natriuresis induced by massive saline infusion which are not directly applicable to the daily regulation of changes in dietary NaCl intake. Also, the chronic studies of Horster and Thurau and de Rouffignac were group comparisons, and the micropuncture studies required surgical preparation and anesthesia. The present studies were purposely designed to avoid surgical intervention and anesthesia, since the exact influence of these factors upon the distribution of plasma flow is not known. In our studies, distribution of plasma flow was measured in awake, unanesthetized animals; no surgery was necessary; the sodium chloride load was given orally and chronically rather than intravenously, and each animal acted as his own control. The antibody technique is readily adaptable to this type of experiment in that it may be given intravenously and has been demonstrated by our control studies to be distributed in a reasonably reproducible fashion when injections are given 2 wk apart (Table II) .
However, the assumption of a strict proportionality between nephron filtration rate and plasma flow in all circumstances is highly questionable. It is more reasonable to assume that nephron GFR and plasma flow need not change proportionately in all conditions or even in the same direction (7, 20, 21 (10) are combined with the present findings of a constancy of total and fractional plasma flow, the transition from a low to a high salt diet can be estimated to produce a 60% rise in superficial nephron filtration fraction and a fall of 70% in juxtamedullary filtration fraction while over-all filtration fraction remains relatively unchanged. Since these estimates are derived from a combination of plasma flow data from 2794 R. C. Blantz, J. D. Wallin, F. C. Rector, Jr., and D. W. Seldin awake rats and data for nephron filtration rate and fractional reabsorption from rats subjected to deep anesthesia and surgery, it is clear that the calculated changes in filtration fraction are not quantitative expressions of what transpires in the normal animal. Nevertheless, they probably do reflect directional changes.
The constancy of fractional reabsorption, on a high salt diet, in the face of an elevation of superficial SNGFR means that absolute reabsorption has increased. The rise in filtration fraction, by increasing peritubular protein concentration, could account for the increase in absolute reabsorption. Nevertheless, increased fluid issues out of the proximal tubule because the increased absolute reabsorption is not commensurate with the rise in SNGFR (TF/P inulin does not rise). The deep SNGFR, on the high salt diet, is sharply reduced (10), but it is not clear whether the anticipated reduction in reabsorption, owing to a fall in the filtration fraction, is sufficient to promote increased sodium delivery out of the proximal tubule.
We conclude from the present study that wide variations in NaCl intake within the physiologic range of the rat do not result in changes in over-all or intrarenal distribution of plasma flow. If classic redistribution of glomerular filtrate (1) exists and is a factor in the daily control of NaCl excretion and volume homeostasis, then superficial and juxtamedullary nephron filtration fractions must change reciprocally in response to a high oral NaCl intake, and may contribute to the natriuresis associated with a high salt intake.
